Marine bacteria from Atlantic coastal waters off Florida, isolated by a technique assuring that all would grow on a sea-water medium but not on a distilled water medium, were studied; 96 of 100 original isolates were characterized by morphological and some physiological properties, particularly those related to mineral responses. All isolates were Gram-negative rods or spiral forms, grew well in a simple saline-peptone medium, and most were pigmented and motile. All isolates required NaCl for good growth, and groupings could be clearly established for those whose mineral nutrition was satisfied, in a casein digest broth, by adding NaCl only, NaClfKCl, NaCl+Mg salts, or all three salts. Lytic susceptibility in various mineral solutions and growth tolerance to various salt levels were studied. Some overall similarities, and a few correlations between mineral nutrition and physiological versatility, were established.
INTRODUCTION
Only recently has intensive investigation been initiated with marine bacteria concerning those properties which distinguish them physiologically from terrestrial bacteria. %Bell (1946) summarized much of the research done to that date, showing that the ability to grow in and requirement for sea water as a base for media characterized these bacteria; solution mixtures of the major mineral components were shown to be substitutes for natural sea water for many isolates. Studies of mineral nutrition and osmotic relations have been reported for several marine bacteria (MacLeod, Onofrey, & Norris, 1954; Pratt, Boring, & Riley, 1954) . The investigations reported here deal with the isolation and effects of major sea-water minerds on 96 stenohaline marine bacteria.
Studies with marine bacteria (ZoBell, 1946) and halophilic bacteria (Flannery, 1956) have shed relatively little light on the detailed mineral requirements of the former group; somewhat more information was available concerning the bacteria isolated from salt-preserved material (e.g. Robinson & Gibbons, 1952; Ingram, 1957) . Luminescent bacteria, from marine sources, have been shown to be susceptible to lysis in particular salt concentrations (Johnson & Harvey, 1987; Johnson & Gray, 1949) and physiologically responsive to varied salts (Johnson & Harvey, 1988) . However, the highly halophilic bacteria differ materially from the marine bacteria described by ZoBell & Upham (1944) and the restricted groups studied by us and by MacLeod et al. (1954) .
Our results support the view of MacLeod & Onofrey (1956 ,1957 ) that at least one major group of marine bacteria may be distinctly characterized by an absolute requirement for sodium ions (see also Ingram, 1957) . Our studies have extended this observation to nearly 100 isolates (MacLeod et al., detailed the requirement for six of 15 marine forms) and clearly demonstrated that requirements for other major sea-water minerals varied among the isolates and could be used to segregate them into groups; within these groups, a few correlations were found with other physiological properties.
METHODS
Busal media. The basal medium used for isolation, and for all routine cultural, morphological, and physiological tests consisted of Trypticase (Baltimore Biological Laboratory, Baltimore, Md., U.S.A.), a pancreatic digest of casein, 1 yo (w/v) in sea water; 2 yo (w/v) agar was used for solid medium. Modifications for certain physiological tests are described below. Special experiments concerning mineral requirements and salt tolerance necessitated use of media containing 0.1 yo (w/v) 
RESULTS

Isolation of cuZtures.
A sample of water was taken several yards offshore on Florida's Atlantic coast a t Matanzas Beach and another at Crescent Beach, distant from the mouth of any freshwater stream. The water was transported immediately to the laboratory and 0.1 ml. samples, six from the Matanzas Beach water and four from the Crescent Beach water, were spread on the surface of basal agar plates. When colonies developed, after incubation at 27' for 24-36 hr., replica plates (Lederberg & Lederberg, 1952) were made on basal (sea water) agar and on distilled water-trypticase agar. Isolates were selected from the replica plates after incubation, with choice being made from sea-water plates of colonies which had no replicas on the distilled water medium. Of 100 isolates thus selected, numbered M.B. 1 to M.B. 100, 96 were used in this study.
General characterization. Tests of morphological and physiological properties were inadequate to classify the isolates, but sufficed to serve as pragmatic means of distinction among them. Detailed data are not reported here, but certain of the observations are summarized. A majority of the isolates (57) formed pigment, most of them producing a cream to yellow pigment which developed slowly and became pronounced after several days' incubation. One (M.B. 66) produced a bright red, waterinsoluble pigment. All cultures were Gram-negative rods or, in 14 instances, vibrio to spiral forms. Only 41 fermented one or more carbohydrates, and 42 hydrolysed starch. However, 76 hydrolysed gelatin and 72 were motile. Nitrite, but no gas, was produced from nitrate by 29 isolates, 11 produced H,S, and 14 produced indole.
Minerals required for good growth. (Table 4) , growth in the medium containing added NaCl only was appreciable, and generally these isolates grew in any salt combination of which NaCl was a component; two isolates failed to produce measurable turbidity in the sodiumfmagnesium salt or sodium +potassium salt combinations, the reason not being apparent from the experimental data. Only four of the 96 isolates grew to measurable turbidity in the medium to which no NaCl was added (K, Mg medium), and in each instance the growth was appreciably less than in any of the media containing NaC1.
Lytic susceptibility. The sensitivity of marine isolates to lowered osmotic pressure and to particular salt solutions resulting in lysis was reported by Pratt & Riley (1955) for the selected types studied in this laboratory. The quantitative variability of results among the 96 isolates in the various test solutions made interpretation difficult; the results (Tables 1-4) are recorded according to an arbitrary classification, based on maintenance of at least 90 yo turbidity in test solutions as compared to the control: 1, all test solutions; 2, none; 3, 0-5 M -M~C~, only; 4, 0.5 and 0.05 MMgCl, only; 5, 0.5 M-NaCl, 0.5 and 0-05 M-M~C~,; and 6, 0-5 M-NaCl, KCl, and MgCl,, and 0-05 M-M&~,.
It was evident that the majority of cultures were susceptible to loss of optical density in distilled water and in 0.1 M and 0.5 M-KC1. NaCl and MgC1, at 0-5 M, and M g 1 , at 0-05 M, however, provided protection to a majority of the isolates. These data do not reveal the response of isolates in terms of viability, nor are certain other equivocal aspects evident. These are the subject of continuing investigation.
Salt tolerance. Some attempts have been made (Flannery, 1956; Ingram, 1957) , without marked success, to classify marine and halophilic bacteria together (or in some instances, apart) on the basis of ability to grow or survive in various levels of salt. Consequently, 15 isolates, selected to represent the four mineral requirement groups, were studied by cultivation in shaken broth cultures, the media being propertka of selected marine bacteria 157 Failure to grow was judged by the absence of visible turbidity in 48 hr. at 80°-32". The data are shown in Table 5 .
It was apparent that some of the isolates tested could not multiply in the medium :ontaining 2.0 M-NaCl, and none grew in 2.6 M-Nacl medium. All 15 isolates tested Table 1 . Q Bright red pigment (water insoluble). grew well when the NaCl level in artificial sea water was reduced to 0.2 M; six of the 15 showed no growth in NaCl levels above 0.8 M. Thus, these isolates were clearly distinct from the widely studied halophilic group whose growth has been shown to be inhibited at salt levels below about 2.0 M, yet constitute a 'halophilic' group growing optimally at salt levels near that in sea water. 
DISCUSSION
Two properties seem particularly to demonstrate a close interrelationship among the 96 isolates : the narrow range of salinities tolerated, and the universal requirement for Na+ for growth. Failure of any isolate to multiply in the absence of added salt places the group in the category of obligate halophila ; yet they do not precisely fit the classifications either of Flannery (1956) or of Ingram (1957). I n the former, they would be excluded by growing well in media with less than 0-3 M-Sdt, and in the latter, they would be included with a group (IIIA) characterized by growth in media containing salt up to well above half-saturation. All of the isolates required some NaCl in the medium to grow well; preliminary experiments have shown that some, but not all, of the NaCl requirement may be replaced by an osmotic substitute such as sucrose. This requirement for Na+ at more than trace levels may be a distinctive property of these marine bacteria (see .
Certain correlations of properties became apparent when the isolates were grouped on the basis of mineral requirements. Carbohydrate fermentation was observed with 19 of the 25 isolates which required only Na+ + K+ and with 17 of the 19 which grew well with Na+ as the only added cation. In contrast, only eight of the 52 isolates showing a specific requirement for Mg++ fermented one or two of the substrates tested by the technique used. Similarly distributed was the capacity to produce nitrite from nitrate: 17 of the Na++K+, and eight of the Na' group possessed this ability, while only four of the remaining 52 isolates produced nitrite. Indole production was limited to members of the Na++K+, and Na+ groups, 11 occurring in the former, and three in the latter. H2S production, occurring with only 11 isolates, was also restricted largely to the Na++K' and Na+ groups, with only one isolate showing this property among the other groups. These observations suggest that physiological versatility is a more common feature of marine isolates whose mineral nutrition can be satisfied by adding only Na+, or Na+ + K+ than of those requiring Mg++ as well. At the same time, it must be noted that some representatives of the 'versatile' group (e.g. M.B. 58, M.B. 95) were as limited physiologically, according to these criteria, as any members of the other group.
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